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(57) ABSTRACT 

A semiconductor component is proposed which has a semi 
conductor body having a first semiconductor Zone of the first 
conduction type, at least one first rectifying junction with 
respect to the first semiconductor Zone, at least one second 
rectifying junction with respect to the first semiconductor 
Zone, wherein the three rectifying junctions each have a bar 
rier height of different magnitude. 

21 Claims, 9 Drawing Sheets 
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SEMCONDUCTOR COMPONENT HAVING 
RECTIFYING UNCTIONS OF DIFFERENT 

MAGNITUDES AND METHOD FOR 
PRODUCING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority to German Patent Appli 
cation Serial No. DE 10 2007 009 227.1, which was filed Feb. 
26, 2007, and is incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

The present description includes embodiments pertaining 
to semiconductor components having rectifying junctions 
and, particularly, to diodes having pn and Schottky junctions. 

BACKGROUND 

Rectifying junctions transmit the current in one direction, 
but block it in the other direction. Examples of rectifying 
junctions are pnjunctions and Schottky junctions. Schottky 
diodes, in particular, are used for high-frequency applica 
tions. Moreover, Schottky diodes are also used as power 
semiconductor rectifiers. 

Schottky diodes can be formed as vertical or lateral com 
ponents. In power semiconductor application, Vertical com 
ponents having large-area Schottky contacts are predomi 
nant. The current flows perpendicular to the lateral extent of 
the semiconductor component and typically from a first Sur 
face to an opposite second Surface of the semiconductor Sub 
Strate. 

SUMMARY 

One embodiment provides a semiconductor component, 
wherein the semiconductor component has a semiconductor 
body having a first semiconductor Zone of the first conduction 
type; at least one first rectifying junction with respect to the 
first semiconductor Zone; at least one second rectifying junc 
tion with respect to the first semiconductor Zone; and at least 
one third rectifyingjunction with respect to the first semicon 
ductor Zone; wherein the three rectifying junctions each have 
a barrier height of different magnitude. 

Properties of the semiconductor component can be set in a 
targeted manner by means of the at least three rectifying 
junctions having barrier heights of different magnitude in 
each case. Thus, by way of example, the temperature behavior 
of the semiconductor component can be controlled in a tar 
geted manner. In addition, it is possible to set the blocking 
properties largely independently of the conducting-state 
properties. In particular, by a suitable choice of the barrier 
heights, the reverse current can be reduced without simulta 
neously increasing the threshold Voltage. In addition, it is 
possible to arrange the rectifying junctions in Such a way that 
rectifying junctions having a low barrier height are arranged 
in the region of low electric field strengths and rectifying 
junctions having high barrier heights are arranged in the 
region of high electric field strengths. As a result, the influ 
ence of the different field strengths on the reverse current can 
be largely compensated for by using different rectifyingjunc 
tions. 

BRIEF DESCRIPTION OF THE FIGURES 

Embodiments are described below which are shown in the 
appended figures and from which further advantages and 
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2 
modifications become apparent. However, the invention is not 
restricted to the concretely described embodiments, but rather 
can be modified and altered in a suitable manner. It lies within 
the scope of the invention to combine individual features and 
feature combinations of one embodiment with features and 
feature combinations of another embodiment in a suitable 
manner in order to arrive at further embodiments. 

FIG. 1 shows, using the example of a vertical diode, a 
semiconductor component having three rectifying junctions 
having barrier heights of different magnitude in each case, 
wherein the different rectifying junctions are realized by at 
least one pnjunction and two different Schottky contacts. 

FIG. 2 shows a semiconductor component having a multi 
plicity of rectifying junctions, wherein a respective Schottky 
diode having at least two Schottky contacts is arranged 
between adjacent pnjunctions. 

FIG.3 shows the electric field distribution in the blocking 
case of the semiconductor component shown in FIG. 1. 

FIG. 4 shows the electric field profile at the semiconductor 
surface of the structure shown in FIG. 1 and also Schottky 
contacts having barrier heights of different magnitude that are 
arranged in accordance with the field profile. 
FIGS.5A to 5I show individual method steps for producing 

a semiconductor component having three rectifyingjunctions 
having barrier heights of different magnitude in each case. 

FIGS. 6A to 6C show method steps of a further production 
method for producing a semiconductor component having 
three rectifying junctions having barrier heights of different 
magnitude in each case. 

FIG. 7 shows a partial excerpt from a diode for power 
applications, said diode having pn junctions and Schottky 
diodes arranged between the pnjunctions. 

FIGS. 8A and 8B show a diode according to a further 
embodiment. 

DETAILED DESCRIPTION 

Some embodiments will be explained below. In this case, 
identical structural features in the figures are identified by 
identical reference symbols. 

In the context of the present description, a rectifying junc 
tion is understood to be a junction having a pronounced diode 
characteristic. Rectifying junctions accordingly have a 
reverse direction and a forward direction opposite thereto, 
wherein the respective direction relates to the polarity of an 
electric field applied via the rectifying junction. Examples of 
rectifying junctions are pnjunctions and Schottky junctions. 

In the context of the present description, a Schottky diode 
is to be understood to be an arrangement having at least two 
regions having Schottky barriers of different height (barrier 
height). These regions are also referred to as Schottky con 
tact. Accordingly, a Schottky diode has at least two Schottky 
contacts having barrier heights of different magnitude. In this 
case, a Schottky contact is the contact region between a con 
tact material Suitable for forming a Schottky junction and a 
semiconductor material. The Schottky contact has a predeter 
mined, Substantially constant barrier height in said contact 
region. 
The term “lateral relates to the lateral extension of a 

semiconductor material or a semiconductor base material. 
These are typically present as thin wafers or chips. By con 
trast, the term “vertical relates to the direction which is 
perpendicular to the lateral extension and which runs in the 
thickness direction of the wafer or chip. 
The dopings used in the embodiments are merely by way of 

example and can also be doped correspondingly complemen 
tarily. 
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In order to reduce the threshold voltage in semiconductor 
components having rectifying junctions, and in particular in 
diodes having a Schottky contact, the semiconductor compo 
nent 10 shown in FIG. 1 in accordance with a first embodi 
ment has a Schottky diode 4 having at least two Schottky 
contacts 1 and 2 having barrier heights of different magnitude 
in each case. The Schottky contacts 1 and 2 are formed 
between a layer 20 arranged on a first surface 23 of a semi 
conductor substrate 24 and a first semiconductor Zone 11 of 
the first conduction type, said first semiconductor Zone being 
arranged in the semiconductor Substrate 24. Furthermore, two 
second semiconductor Zones 12 of the second conduction 
type, which is complementary to the first conduction type, are 
arranged in the semiconductor Substrate 24, said second semi 
conductor Zones being spaced apart laterally with respect to 
one another and laterally delimiting the Schottky diode 4. The 
second semiconductor Zones 12 spaced apart laterally with 
respect to one another are embedded into the semiconductor 
substrate 24 and form with the semiconductor substrate 24, 
which here simultaneously represents the first semiconductor 
Zone 11, a respective pn junction 3. In the present embodi 
ment, the semiconductor Substrate 24 is n-doped, and the 
second semiconductor Zones 12 are p-doped. The semicon 
ductor Substrate 24 can be a layer produced epitaxially. 

In the present embodiment, the Schottky diode 4 has a first 
Schottky contact 1 and two second Schottky contacts 2. The 
first Schottky contact 1 is in each case spaced apart laterally 
from the second semiconductor Zones 12 and thus from the pn 
junctions 3. In this case, the first Schottky contact 1 is 
arranged in particular in Such a way that it is at a lateral 
distance of identical magnitude from the two second semi 
conductor Zones 12. A respective second Schottky contact2 is 
arranged between the first Schottky contact 1 and a respective 
second semiconductor Zone 12. The second Schottky contacts 
2 each have a lateral extent corresponding approximately to 
the lateral distance between the first Schottky contact 1 and 
the second semiconductor Zones 12 or the pnjunctions 3. The 
second semiconductor Zones 12, the first Schottky contact 1 
and also the two second Schottky contacts 2 are arranged in 
particular mirror-symmetrically with respect to a plane 29 of 
symmetry running perpendicular to the first Surface 23 and 
running centrally through the first Schottky contact 1. 
The lateral extent of Schottky diode 4 and of first and 

second Schottky contacts is indicated by arrows in FIG. 1. 
In the present embodiment, the first Schottky contact forms 

the first rectifying junction. By contrast, a respective second 
Schottky contact 2 forms a second rectifyingjunction. The pn 
junctions 3 form respective third rectifying junctions. The 
barrier height of the individual rectifying junctions can be set 
by suitable choice of material, by way of example. Since the 
three different rectifying junctions 1, 2 and 3 each form a 
junction with respect to the semiconductor Substrate 24 or 
with respect to the first semiconductor Zone 11, the barrier 
height is determined by the type of material which forms the 
respective junction through contact with the first semiconduc 
tor Zone 11. In the case of the third rectifying junctions 3 (pn 
junctions), the barrier height of the pn junction is typically 
determined by the band gap of the semiconductor material 
used. The same semiconductor material is typically used for 
the first and second semiconductor Zones 11, 12 and the 
semiconductor Substrate 24. The semiconductor material can 
be silicon carbide (SiC), for example. By contrast, the barrier 
height of the first and second rectifying junctions 1 and 2. 
which are formed here by the first Schottky contact 1 and 
second Schottky contact 2, is determined by the difference 
between the work functions of the contact material respec 
tively used and of the semiconductor material used for the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
first semiconductor Zone 11. In this case, the barrier height of 
the Schottky contacts 1 and 2 with respect to the first semi 
conductor Zone 11 in first semiconductor Zone 11 is generally 
always lower than the barrier height of the pnjunction 3. 

In order to form the first and second Schottky contacts 1 
and 2, it is possible to use different materials, for example, 
which are in direct contact with the first surface 23 of the 
semiconductor Substrate 24 and in particular in contact with 
an uncovered surface of the first semiconductor Zone 11. In 
this case, the materials are selected such that the first Schottky 
contact 1 has a higher barrier height than the second Schottky 
contacts 2. In principle, all materials Suitable for forming a 
Schottky junction can be used for forming the respective 
Schottky contacts 1 and 2. By way of example, a multiplicity 
of metals are suitable for forming Schottky junctions, the 
metals then coming into direct contact with the semiconduc 
tor Zone 11. In this case, metal-semiconductor junctions are 
then present. By way of example, the first Schottky contact 1 
is formed by using a first metal (metal 1) as contact material, 
while the second Schottky contact is formed by using a sec 
ond metal (metal 2) as contact material. 

Schottky junctions of the metal-semiconductor type can 
also be formed by using very highly doped semiconductor 
material as contact material, the contact material then being 
composed of the same semiconductor base material as the 
first semiconductor Zone 11. A homogeneous semiconductor 
junction is present in this case, where "homogeneous' junc 
tion relates to the semiconductor base material. Such a junc 
tion does not represent a pnjunction, however, since the very 
highly doped semiconductor material has virtually metallic 
properties. Such metallically conducting semiconductor 
Zones generally have an extremely high defect concentration 
of greater than or equal to 1*10' per cm. By contrast, semi 
conductor Zones which form true pnjunctions have a defect 
concentration of less than about 1*10' per cm. 

If the first Schottky contact 1 is formed between the layer 
21 shown for example in FIG. 1 and the first semiconductor 
Zone 11, then the layer 21, for the case where a semiconductor 
material of the same basic type as for the first semiconductor 
Zone 11 is involved, has a significantly higher defect concen 
tration than the first semiconductor Zone 11 and second semi 
conductor Zone 12. 
A behavior comparable to Schottky contacts can however 

also be achieved by So-called heterojunctions, that is to say 
junctions between semiconductor materials of different basic 
types. In this case, the layer 21 is then composed of a different 
semiconductor material than the semiconductor Substrate 24 
or the first semiconductor Zone 11. Such a heterojunction can 
be produced by epitaxial deposition of the different semicon 
ductor material onto the uncovered surface of the first semi 
conductor Zone 11. If the layer 21 is monocrystalline (for 
example in the case of epitaxial deposition), this is also 
referred to as a true heterojunction. By contrast, false hetero 
junctions are formed between a monocrystalline semiconduc 
tor material, for example the first semiconductor Zone 11, and 
a different polycrystalline semiconductor material (for 
example layer 21 if it was not deposited epitaxially). If the 
semiconductor Substrate 24 or the first semiconductor Zone 
11 is composed of SiC., for example, both n- and p-doped 
polysilicon, for example, can be used for false heterojunc 
tions. 

However, the barrier height of a Schottky junction or 
Schottky contact depends not only on the difference in work 
functions between semiconductor material and the contact 
material used for forming a Schottky junction, but also on the 
quality of the interface between the two materials. In this 
case, interface states can shift the barrier height considerably 
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in some instances. It is also possible, therefore, to produce 
Schottky contacts having barrier heights of different magni 
tude by targeted modification of the surface of the semicon 
ductor material. It is then even possible to use the same 
material for both Schottky contacts. Only the surface in the 
region of the different Schottky contacts to be formed is 
modified differently in each case. 
One possibility for modifying the surface of the semicon 

ductor Substrate or of the first semiconductor Zone in a Suit 
able manner consists in Superficially oxidizing the Surface of 
the first semiconductor Zone in the region of at least one of the 
two Schottky contacts and then removing this oxide layer 
again wet-chemically before the contact material is depos 
ited. Another possibility of surface modification is a selective 
plasma treatment of the Surface region to be modified. 

Another option for providing Schottky contacts with dif 
ferent barrier height is the use of anisotropic semiconductor 
material having polar axes, which forms Schottky contacts of 
different barrier height at different crystallographic faces. 
SiC and GaAs are examples of such materials. The anisotro 
pic semiconductor material can be, for example, Suitably 
structured to expose faces of different crystallographic orien 
tation. For example, the side walls of a trench can be of 
another crystallographic orientation than the bottom wall of 
the trench or the main Surface. When depositing a single 
Schottky barrier forming material on both the sidewalls of the 
trench and the main surface, Schottky contacts with different 
barrier heights are formed. If desired, the surface can be 
selectively modified prior to deposition. It would also be 
possible, to deposit different materials on the sidewalls and 
the main surface. 
By using two Schottky contacts having barrier heights of 

different magnitude in each case, it is possible to lower the 
threshold voltage of the Schottky diode without this leading 
to an increase in the reverse current. Without wishing to be 
limited, the physical background can be understood here as 
follows. 

Both the threshold voltage in the forward direction and the 
magnitude of the reverse current in the reverse direction are 
dependent on the barrier height of the Schottky contact. In 
order to keep the threshold Voltage as low as possible, a 
barrier height that is as low as possible is desired. However, a 
low barrier height simultaneously leads to a smaller blocking 
effect, such that the reverse current thereby increases since 
the reverse current rises exponentially as the barrier height 
decreases. Furthermore, the reverse current of a Schottky 
diode is exponentially dependent on the electric field strength 
in the region of the Schottky contacts. The electric field 
strength in said region is typically not homogeneous in par 
ticular in the edge regions thereof. As a result, said region can 
be divided into partial regions having field strengths of dif 
ferent magnitude. If a Schottky contact having a compara 
tively high barrier height is then formed in a partial region of 
high electric field strengths, in said partial region the reverse 
current is reduced in comparison with the case where the 
Schottky contact has a low barrier height there, since the high 
barrier height leads to a reduction of the reverse current there. 
In the partial regions in which the electric field strength is not 
as high, by contrast, a Schottky contact having a lower barrier 
height, by contrast, will be formed. Consequently, in regions 
of high field strengths in which the reverse current is typically 
highest, the reverse current is reduced by the comparatively 
high barrier height. The reverse current therefore has a more 
homogeneous distribution as seen spatially and a lower inten 
sity in absolute terms. The reverse current can therefore be 
reduced overall. 
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6 
In the forward direction, the Schottky contact having the 

high barrier height leads to a high threshold voltage, however. 
This is compensated for, however, by the Schottky contact 
having a lower barrier height. The Schottky contact or con 
tacts having the low barrier height has/have only a low thresh 
old Voltage, such that in the forward direction said contacts 
already contribute to the current flow even at low forward 
Voltages. The current flow then takes place at low Voltages in 
the forward direction firstly via the contacts having the low 
barrier height and, as the forward Voltage increases, also 
commences in the contacts having a high barrier height. Over 
all, it is thereby possible to reduce the threshold voltage and 
thus to minimize the power loss. 

Consequently, the Schottky diode is formed in Such a way 
that, relative to the spatial profile of the electric field strength 
in the blocking case, Schottky contacts (first rectifying junc 
tion) having a high barrier height are arranged in the region of 
high electric field strengths and Schottky contacts (second 
rectifyingjunction) having a lower barrier height with respect 
thereto are arranged in the region of low electric field 
strengths. In order to distinguish between high and low elec 
tric field strengths, it is possible to define a threshold value 
corresponding for example to a predetermined percentage of 
the maximum electric field strength present at the Schottky 
diode. 
To better illustrate the profile of the field strength and the 

spatial arrangement of the individual Schottky contacts, ref 
erence is made to FIGS. 3 and 4. FIG. 3 shows the electric 
field strength distribution in the semiconductor substrate 24 
in the blocking case. The Schottky diode 4 delimited by two 
pnjunctions 3 is shown in the central region. An exemplary 
extent of the pnjunctions and of the second semiconductor 
Zones 12 is specified in FIG. 3. In this case, the second 
semiconductor Zone on the left in FIG.3 has the function of a 
triggering island, while the second semiconductor Zone 12 
shown in FIG.3 performs the function of a shield. 

FIG. 4 illustrates the structure—shown in FIG. 1—of a 
mixed diode having a Schottky diode and a pnjunction and 
also the profile of the electric field strength in the blocking 
case at the Surface 23 of the first semiconductor Zone along a 
connecting line that connects the two second semiconductor 
Zones 12 to one another. As can be discerned, the electric field 
strength at the surface of the first semiconductor Zone 11 rises 
greatly proceeding from mutually opposite edge regions of 
the second semiconductor Zones 12. After just a compara 
tively short distance from the edge region of the second semi 
conductor Zones 12, the electric field strength reaches more 
than 60% of the maximum electric field strength present in the 
central region of the Schottky diode 4. The particular struc 
ture of this field strength profile is brought about by the 
second semiconductor Zones 12, which displace the electric 
field from the edge regions of the Schottky diode. 
The first Schottky contact 1 having a high barrier height is 

formed, then, in Such a way that it is arranged in regions in 
which the electric field strength is higher than a preselected 
threshold value, for example at least 60% of the maximum 
field strength. In the present region, this is the central region 
of the Schottky diode 4. On account of the exponential depen 
dence of the reverse current on the electric field strength, the 
Schottky contact 1 is arranged for example in Such a way that 
it is at the same distance in each case from the respectively 
opposite edges of the second semiconductor Zones 12. Said 
distance is designated by d2 in FIG. 4. The lateral extent of the 
Schottky diode 4 between the two second semiconductor 
Zones 12 is designated by d1, by contrast. In the present case, 
the lateral extent d1 of the Schottky diode 4 also corresponds 
to the lateral distance between adjacent second semiconduc 
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tor Zones 12, where their distance relates to mutually opposite 
outer edges of adjacent second semiconductor Zones 12. The 
second Schottky contact 2 having a lower barrier height by 
comparison with the first Schottky contact 1 is formed, by 
contrast, in the intermediate region between first Schottky 
contact 1 and the second semiconductor Zones 12. 

In FIG. 4, the field strength profile that typically occurs is 
illustrated by curve 30 and the field strength profile shortly 
before breakdown (worst case) is illustrated by curve 31. The 
relation indicated by way of example in FIG. 4 between 
the extent of the second Schottky contacts 2 or the distance d2 
from the first Schottky contact 1 to the second semiconductor 
Zones 12 and the relative electric field strength can be modi 
fied in a Suitable manner depending on the application. In 
particular, it is possible to provide further Schottky contacts. 
Thus, by way of example, a third Schottky contact can be 
provided symmetrically with respect to the second semicon 
ductor Zones 12 in the central region of the Schottky diode 4, 
wherein the third Schottky contact then has an even higher 
barrier height in comparison with the first Schottky contact 1. 
The third Schottky contact can then be arranged for example 
in the regions in which the electric field strength in the block 
ing case is at least 80% of the maximum field strength. The 
first Schottky contact would then take up the ranges above 
60% of the maximum field strength to approximately 80% of 
the maximum field strength. It is also possible to use more 
than three Schottky contacts having different barrier heights. 
As a result, the different Schottky contacts of the Schottky 
diode can be adapted in smaller steps and thus even better to 
the profile of the electric field strength. 
As can be discerned from the abscissa in FIG. 4, the Schot 

tky diode 4 has a lateral extent of approximately 2-3 um, for 
example. The second semiconductor Zones 12 likewise have 
an extent of a few um. If this structure is taken as basis and SiC 
is used as semiconductor base material for the semiconductor 
Substrate 24 and the first and second semiconductor Zones 11 
and 12, then it is Suitable for example to use titanium having 
a barrier height of approximately 1.3 eV as metal 1 for form 
ing the first Schottky contact and aluminum having a barrier 
height of approximately 1 eV as metal 2 for forming the 
second Schottky contacts 2. When using these materials and 
the resultant barrier heights, the second Schottky contacts 2 
should have a lateral extent d2 such that the maximum electric 
field at the second Schottky contacts is approximately 60% of 
the maximum field strength of the Schottky diode 4 given a 
barrier height of 1.3 eV. In this case, the reverse current 
through the first Schottky contact 1 is of approximately just 
the same magnitude as the reverse current flowing through the 
second Schottky contacts 2. This means in concrete terms for 
this embodiment that the contact width of the aluminum on 
the first semiconductor Zone 11, which is an n-conducting 
Zone here, is approximately 0.3 um. Approximately 20% of 
the contact area of the Schottky diode 4 is therefore provided 
with aluminum. The first Schottky contact 1 therefore has a 
larger contact area with respect to the first semiconductor 
Zone 11 in comparison with the second Schottky contacts. 

In the forward flow direction, under normal operating con 
ditions, the threshold voltage of metal 1, that is to say of 
titanium in the present case, is not exceeded. In this case, the 
first Schottky contact 1 is also blocked in the forward flow 
direction, that is to say in the forward direction. However, by 
increasing the voltage in the forward direction, the first Schot 
tky contact 1 can also contribute to the electric current flow. 
Furthermore, at high current densities it can happen that the 
threshold voltage difference between the two metals falls over 
half the width of metal 1 and, consequently, metal 1 also 
contributes to the current flow. The current density required 
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8 
for this below metal 1 is for example approximately 5000 
A/cm for the 600 volts voltage class with a typical doping of 
1.17*10' percm. Since, in power semiconductors, a plural 
ity of Schottky diodes in the form of cells are generally 
connected in parallel, the required current density converted 
to the total chip area, depending on the cell geometry, is 
significantly lower, by contrast. 

If only one common contact material is chosen instead of 
different contact materials for forming the at least two Schot 
tky contacts and the different barrier heights are set by selec 
tive surface modification of the semiconductor substrate, the 
individual regions can be spatially divided in the manner as 
when different contact materials are used. 

In certain embodiments, the three rectifying junctions, that 
is to say the two Schottky contacts 1 and 2 and the pnjunction 
3, are connected in parallel with one another, for example. 
This can be achieved for example by the materials used for 
forming the first and second Schottky contacts 1 and 2 being 
electrically conductively connected to the second semicon 
ductor Zone 12 or the second semiconductor Zones 12. If for 
example different metals (metal 1 for the first Schottky con 
tact; metal 2 for the second Schottky contact) are used for 
forming the first and second Schottky contacts 1 and 2, metal 
2, for example, is in direct contact with the second semicon 
ductor Zone 12, on the one hand, and with metal 1, on the other 
hand. 
The rectifying junctions are typically arranged adjacent to 

one another. In this case, the first rectifyingjunction 1 directly 
adjoins the second rectifying junction 2 and the third rectify 
ing junction 3 directly adjoins the second rectifying junction 
2. However, the first rectifyingjunction 1 is spaced apart from 
the third rectifying junction 3, wherein the second rectifying 
junction 2 is arranged between the other two rectifying junc 
tions. Consequently, the second rectifying junction 2 is later 
ally delimited by the other two rectifying junctions. 
By way of example, the semiconductor component has at 

least two second rectifyingjunctions arranged respectively on 
opposite sides of the first rectifying junction. Furthermore, 
the semiconductor component has for example at least two 
third rectifying junctions between which the first and the two 
second rectifying junctions are arranged, wherein the second 
rectifying junctions are arranged between the third and first 
rectifying junctions and in each case adjoin them. This 
arrangement is configured symmetrically in particular. Such a 
semiconductor component is shown in FIG. 4, for example. 

In some of the embodiments described herein a suitable 
geometrical arrangement of the rectifying junctions is pro 
vided, that is to say in particular of first and second rectifying 
junctions (first and second Schottky contacts), with respect to 
the electric field strength profile, wherein the first rectifying 
junction can be arranged in the region of high electric field 
strengths and the second rectifying junction can be arranged 
in the region of low electric field strengths. 
A multiplicity of regularly arranged Schottky diodes is 

typically used in power semiconductors. A respective pn 
junction is then situated between adjacent Schottky diodes. A 
portion of Such a power semiconductor component is illus 
trated in FIG. 2. The Schottky diodes 4 have a respective first 
Schottky contact 1 in their central region and a respective 
second Schottky contact 2 in the edge region with respect to 
adjacent pnjunctions 3. The formation of the first and second 
Schottky junctions 1 and 2 approximately corresponds to the 
spatial arrangement shown in FIG.1. In this case, the spatial 
arrangement is shown on the basis of a vertical section 
through the relevant semiconductor component. In power 
semiconductors, the individual Schottky diodes 4 in each case 
form an individual cell. In this case, in a plan view of the first 
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surface 23 of the semiconductor substrate 24, such a cell can 
be circular or hexagonal, for example. In Such arrangements, 
therefore, it is also possible for the central region of the 
Schottky diode 4 to be formed by the first Schottky contact 1, 
which is surrounded completely in circular fashion by the 
second Schottky contact 2. 

In order to form the first Schottky contact, for example a 
first metal 1 (layer 21) is applied to the first surface 23 of the 
semiconductor Substrate 24 for example in self-aligned fash 
ion with respect to the edges of the second semiconductor 
Zones 12. Afterward, a metal 2 (layer 22) is deposited over the 
whole area, said metal forming the second Schottky contacts 
2 in edge regions between the metal 1 and the second semi 
conductor Zones 12. At the same time the metal 2 represents 
the electrically conductive connection between the metal 1 
and the second semiconductor Zones 12. 
The semiconductor Substrate 24 typically has an epitaxi 

ally produced layer that simultaneously forms the first semi 
conductor Zone 11. The semiconductor substrate 24 further 
more has a semiconductor base Substrate 26 and can 
furthermore have a field stopper layer 25 arranged between 
the semiconductor base substrate 26 and the epitaxial layer 
11. A large-area rear side metallization 28 for making contact 
with the semiconductor substrate 24 on the rear side is 
arranged on a second Surface 27 of the semiconductor Sub 
strate 24, said second Surface being arranged opposite the first 
surface 23. Such a structure is shown in FIG. 2. 
As mentioned above, in certain embodiments, layers 21, 22 

forming the respective Schottky contacts are electrically con 
ductively connected to the second semiconductor Zone. Fur 
thermore, the Schottky contacts 1, 2 of the Schottky diode 4 
can have differently sized contact areas with respect to the 
first semiconductor Zone 11 in certain embodiments. In some 
embodiments, at least two second semiconductor Zones 12 
are provided which are spaced apart from one another and 
which each form a respective pnjunction3 with respect to the 
first semiconductor Zone 11. In this case, the Schottky diode 
4 can be arranged between the second semiconductor Zones 
12. Furthermore the semiconductor body may have a first 
surface 23, as far as which the first semiconductor Zone 11 
extends and at which the Schottky diode 4 is arranged. As it 
becomes apparent from the description above, according to 
Some embodiments, a diode is provided, which have at least 
one pnjunction, and at least two Schottky contacts 1,2 having 
barrier heights of different magnitude. The two Schottky con 
tacts 1, 2 form a Schottky diode which typically adjoins the pn 
junction. In many embodiments, the second Schottky contact 
2 is arranged between first Schottky contact 1 and the pn 
junction 3. 

FIG. 7 shows a merged pn Schottky power diode having a 
multiplicity of individual Schottky diodes 4 between which 
pnjunctions 3 are respectively arranged. The complete struc 
ture of the power diode can be attained by mirroring of the 
structure illustrated in FIG. 7 at the left-hand vertical edge. In 
addition FIG. 7 also shows an edge termination 35 and an 
edge isolation36. A contact layer 37 suitable for bonding can 
also be situated on the metal 2 (layer 22) likewise used here, 
a bonding contact 38 being applied to said contact layer. 

In addition to the reduction of the threshold voltage without 
a simultaneous appreciable rise in the reverse current, as 
mentioned above, the combination of three rectifying junc 
tions has the further advantage that the temperature depen 
dence of the semiconductor component can be reduced. At 
high current densities, Schottky diodes generally have a posi 
tive temperature coefficient, that is to say that as the tempera 
ture rises, the resistance of the diode increases. By contrast, 
pnjunctions have a negative temperature dependence, that is 
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10 
to say that their resistance decreases as the temperature 
increases. A balanced temperature behavior can be achieved 
by combination and integration of these components. 

With reference to FIGS. 8A and 8B, further embodiments 
will be described. Different to the embodiments of Schottky 
contacts formed on the planar first surface 23 as described 
above, at least one of the Schottky contacts is formed in a 
trench structure. 
The embodiments of FIGS. 8A and 8B show diodes having 

pnjunctions 3 formed at the bottom regions of trenches 39 
formed in the first semiconductor Zone 11. The trenches 39 
are partially filled with semiconductor material 12 of opposite 
conduction type to the first semiconductor Zone 11. This 
semiconductor material forms in the present embodiments 
the second semiconductor Zone 12. The upper portion of the 
trenches 39 is filled with a Schottky contact forming material 
22, particularly a metal, which also covers the first surface 23. 
Alternatively, the trenches can also only extend down to the 
lower level of the Schottky contact forming material 22. In 
this case, the second semiconductor region 12 is formed by 
implantation. 
Common to both embodiments of FIGS. 8A and 8B is the 

use of an anisotropic semiconductor material for the first 
semiconductor Zone 11. Anisotropic semiconductor materials 
form Schottky contacts of different magnitude at different 
crystallographic faces. For example, the side walls of the 
trenches 39 are of different crystallographic orientation than 
laterally extending faces such as the first surface 23. When a 
Schottky forming material is deposited on such faces differ 
ent Schottky contacts are formed. Denoted by 2 are Schottky 
contacts of lower magnitude formed on the side walls of the 
trenches in comparison to Schottky contacts, denoted by 1, 
formed on the first Surface 23. Hence, when using anisotropic 
semiconductor material. Such as SiC and GaAs, Schottky 
contacts of different barrier height can be formed by suitably 
structuring the semiconductor material. 

In the embodiment shown in FIG.8B, the second semicon 
ductor regions 12 laterally partially extend into the mesa 
region formed between adjacent trenches to improve the char 
acteristics of the diode. 
The Schottky barrier forming material forming the two 

different Schottky contacts 1 and 2 is typically in direct con 
tact with the second semiconductor Zone 12 defining the pn 
junction3. Alternatively, two separate Schottky barrier form 
ing materials can also be used to form the different Schottky 
contacts. For example, the trench or trenches 39 can be filled 
with a first metal to flush with the first surface 23 on which a 
second metal is Subsequently deposited. 
The production of the semiconductor component will be 

explained below with reference to FIGS. 5A to 5I. Firstly, a 
semiconductor substrate 24 is provided. This can be an 
n-doped layer 24 deposited epitaxially onto a semiconductor 
base substrate 26 (shown in FIG. 2). The semiconductor sub 
strate 24 subsequently forms the first semiconductor Zone 11. 
A mask layer composed of for example, an oxide (e.g. silicon 
oxide) is then deposited onto a first surface 23 of the semi 
conductor substrate 24 and is suitably patterned with the aid 
of a photomask 40. In this case, by way of example, an RIE 
(reactive ion etching) dry etching step 42 can be used. The 
mask 41, in the present case a hard mask composed of silicon 
oxide, produced from the mask layer is shown in FIG. 5A. 

Dopants for forming second semiconductor Zones 12 are 
Subsequently introduced into the semiconductor Substrate 24. 
This can be effected for example by implantation 43 with 
Subsequent thermal treatment for activating the dopants and 
for annealing implantation damage. The photomask 40 can be 
removed before or after the implantation. The lateral extent of 
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the mask 41 here determines the distance d1 between adjacent 
second semiconductor Zones 12. The structure thus obtained 
is shown in FIG.S.B. 

After the implantation, as shown in FIG.5C, the mask 41 is 
etched back isotropically. This can be effected wet-chemi 
cally, for example. This gives rise to an etched-back mask 
41a. As a result of the etching back, the outer edges of the 
etched-back mask 41a are now at a certain distance from the 
outer edges of the second semiconductor Zones 12. As illus 
trated in FIG. 5C, a thin auxiliary layer 44 is deposited onto 
the etched-back mask 41a conformally from the same mate 
rial as the etched-back mask 41a. This is silicon oxide in the 
present case. The thickness of the auxiliary layer 44 is chosen 
such that the vertical areas of the auxiliary layer 44 on the 
sidewalls of the mask are still spaced apart from the doping 
Zones. This distance defines the distance d2 between the first 
Schottky contact that is to be formed later and the second 
semiconductor Zone 12. By contrast, the width of the etched 
back mask 41a together with the auxiliary layer 44 on the 
sidewalls thereof defines the width of the first Schottky con 
tact. 

Afterward, as shown in FIG. 5D, a covering layer 46 com 
posed of photoresist, for example, is deposited over the whole 
area with a thickness greater than the thickness of etched 
back mask 41a and auxiliary layer 44. The covering layer 46 
therefore completely covers the mask 41 and the auxiliary 
layer 44. Instead of the photoresist, it is also possible to use a 
different material for the covering layer 46, in which case care 
should be taken to ensure that the material of the etched-back 
mask 41a and of the auxiliary layer 44 can be etched selec 
tively with respect to the material of the covering layer 46. 
Furthermore, the material of the covering layer 46 should be 
able to be removed again relatively easily since a sacrificial 
mask is Subsequently formed from the covering layer 46. 
The covering layer 46 is subsequently etched back, for 

example by means of a dry etching step, until the auxiliary 
layer 44 on the etched-back mask 41a has been uncovered. 
The covering layer 46 remains, by contrast, laterally along 
side the etched-back mask 41a. As an alternative, anion beam 
exposure method can be used for etching back in the case of 
photoresist. This method makes use of the circumstance that 
a suitably chosen photoresist is modified and thereby 
“exposed only by ions having an energy in a certain energy 
range. When penetrating through the photoresist layer, the 
ions lose energy and generate photoelectrons which expose 
the photoresist. The photoresist is therefore exposed only 
down to a certain depth. The exposure depth can be set by 
choosing the initial energy of the ions. Exposed regions can 
then be removed chemically. The structure obtained is shown 
in FIG. 5E. 
The etched-back mask 41a is subsequently removed by 

means of an isotropic etching step, for example a wet-chemi 
cal etch. At the same time, the auxiliary layer 44 on the 
etched-back mask 41a is removed and is partly undercut in 
the region of the covering layer 46 that has remained after the 
etching back. This results in a sacrificial mask 48 having 
openings 49 which define the extent of the first Schottky 
contact, as shown in FIG.5F. 
As shown in FIG.5G, an electrically conductive first layer 

50 for forming the first Schottky junction is then applied over 
the whole area. The first layer 50 forms only on horizontal 
areas. As shown in FIG.5G, the first layer 50 is patterned by 
the sacrificial mask 48 in the openings 49 to form layer 
regions 50a lying directly on the uncovered surface of the first 
semiconductor Zone 11. Since the sacrificial mask 48 projects 
laterally beyond the second semiconductor Zones 12, the 
layer regions 50a are spaced apart laterally from the outer 
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12 
edges of the second semiconductor Zones 12. The layer 
regions 50a cover a first surface region of the first semicon 
ductor Zone 11. 
The sacrificial mask 48 and the residues of the auxiliary 

layer 44 that remained are subsequently removed. The layer 
regions of the first layer 50 that lie on the sacrificial mask 48 
are simultaneously removed as a result. This corresponds to a 
lift-off technique. When a photoresist is used, the sacrificial 
mask 48 can be removed wet-chemically, for example. The 
auxiliary layer 44 can likewise be removed wet-chemically. 
The structure thus obtained is shown in FIG. 5H. 

Finally, an electrically conductive second layer 52 is 
deposited over the whole area. The second layer 52 makes 
contact laterally alongside the layer regions 50a with the 
uncovered surface of the first semiconductor Zone 11 (second 
Surface region of the first semiconductor Zone 11) and leads to 
the formation of the second Schottky contact there. The sec 
ond layer 52 is furthermore in contact with the second semi 
conductor Zone 12 and thus electrically conductively con 
nects the layer regions 50a of the first layer to the second 
semiconductor Zones 12. 
The first and second layers50, 52 are composed of different 

contact materials which together with the semiconductor 
material of the first semiconductor Zone 11 form in each case 
a Schottky contact having barrier heights of different magni 
tude. The contact materials used and also the spatial extent of 
the first and second Schottky contacts are to be chosen Such 
that a lowest possible reverse current flows in the blocking 
case. Suitable materials are metals, interalia. 

Suitable materials are aluminum, tantalum, tungsten, tita 
nium and nickel, inter alia. These metals have an increasing 
barrier height in the direction of enumeration, wherein the 
barrier with respect to n-doped SiC is approximately 1.0 eV in 
the case of aluminum and tantalum, approximately 1.05 eV in 
the case of tungsten, approximately 1.27 eV in the case of 
titanium and approximately 1.4 eV in the case of nickel. 
Suitable combinations for metal 1 (layer 50)/metal 2 (layer 
52) are accordingly for example titanium/aluminum or 
nickel/titanium. 

Since the barrier height, as already described further above, 
depends not only on the difference in work functions but also 
on the quality of the interface between semiconductor mate 
rial and contact material, it is recommendable to carry out 
suitable test series of discrete Schottky contacts formed 
between different contact materials and the semiconductor 
material, in order to determine the barrier height of the indi 
vidual contact materials beforehand. As a result, the barrier 
height of each contact for the semiconductor material chosen 
can be experimentally determined separately taking account 
of specific process parameters. 

It should be noted that not every contact between a metal 
and a semiconductor material leads to a Schottky contact. By 
way of example, the extent of the depletion Zone in the semi 
conductor material depends greatly on the dopant concentra 
tion. Given correspondingly high doping, the depletion Zone 
and thus the spatial extent of the Schottky barrier in the 
semiconductor material becomes so narrow that it can be 
disregarded and the junction between metal and semiconduc 
tor material behaves like an ohmic resistance. 

Furthermore, by means of suitable alloying, for example by 
forming a metal silicide at the interface between metal and 
semiconductor material, the Schottky contact can be con 
verted into an ohmic contact. This is effected for example 
during correspondingly long thermal treatment at corre 
spondingly high temperatures. 

In order to take account of the influences of process steps 
downstream of the production of the Schottky contacts, it is 
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recommendable to take account of said process steps also in 
the test series for determining the Schottky barrier height. 
As an alternative to the step shown in FIG. 5I, in which a 

second layer 52 for forming the second Schottky junction is 
deposited over the whole area, it is also possible to carry out 
a Surface modification with Subsequent deposition of a mate 
rial layer 56 composed of the material of the first layer 50 and 
of the layer regions 50a. This alternative is shown in FIGS.6A 
to 6C. 

The starting point is for example the structure obtained in 
FIG. 5H, this structure being reproduced in FIG. 6A. Conse 
quently, the steps shown in FIGS. 5A to 5H can precede the 
method shown in FIGS. 6A to 6C. However, it is also possible 
to produce the layer regions 50a by means of other method 
steps, for example by means of etching. 

FIG. 6B shows a plasma treatment, which modifies that 
surface of the first semiconductor Zone 11 which is not cov 
ered by the layer regions 50a of the first layer 50 and is 
therefore uncovered. The plasma treatment alters surface 
states, for example defects, which influence the barrier 
height. 

Instead of the plasma treatment, it is also possible to carry 
out a superficial oxidation of the uncovered surface with 
subsequent wet-chemical removal of the thin oxide layer. 
Surface states are likewise modified as a result. This method 
implementation can for example also be carried out before 
depositing the layer regions 50a. 

It goes without saying that a selective or common Surface 
modification can also be carried out when using different 
contact materials in order to set the barrier heights in a Suit 
able manner. 
As described above, the first rectifying junction can be 

produced by a lift-off technique. Furthermore, as describes 
above, in some embodiments, in order to form the third rec 
tifying junctions 3, a mask 41 is applied to the first surface 23 
of the semiconductor body and dopants of the second con 
duction type are Subsequently introduced into the semicon 
ductor body. A sacrificial mask 48 having openings 49 can 
then be applied to the semiconductor body in self-aligned 
fashion with respect to the mask 41, 41a. The mask 41, 41a is 
removed and an electrically conductive first layer 50, 50a is 
applied in order to form the first rectifying junction 1. The 
sacrificial mask 48 is removed, so that layer regions 50a 
remain on the first surface 23 in the region of the openings 49 
of the sacrificial mask 48. In further embodiments, prior to 
applying the sacrificial mask 48, the mask 41 can be etched 
back isotropically and a thin auxiliary layer 44 composed of 
the same material as the mask 41, 41a is applied conformally. 

Furthermore, as described above, when employing Surface 
modification, selected modification of the surface can be 
effected by plasma treatment or by oxidation of the surface of 
the respective surface region with Subsequent removal of the 
oxide layer. 
As described above, the same material or different material 

can be used for forming the first and second layers 50, 52. 
Both variants can be combined with a surface modification. 

If an anisotropic semiconductor material is used, Surfaces 
of different crystallographic orientation are formed, for 
example by etching. The respective surfaces can be modified 
as described above either together or selective. The respective 
Schottky junctions are then formed by depositing a Schottky 
forming material on the respective Surfaces. It is possible to 
use the same material or different materials. 

The method can also be described in more general terms, 
which method includes providing a semiconductor body; 
forming a pnjunction in the semiconductor body; and form 
ing a Schottky diode with respect to the semiconductor body, 
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14 
wherein the Schottky diode is formed in such away that it has 
Schottky contacts having barrier heights of different magni 
tude. 
The semiconductor component described is in particular a 

merged pn Schottky diode, typically for power applications. 
Furthermore, the semiconductor component can also be a 
body diode of a MOSFET between source and channel/sub 
Strate. 

The embodiments described above typically have three 
rectifying junctions. However, it is possible to provide even 
further rectifying junctions having different barrier heights in 
each case. In particular more than two Schottky junctions lead 
to an even better performance of the semiconductor compo 
nent. 

The written description above uses specific embodiments 
to disclose the invention, including the best mode, and also to 
enable any person skilled in the art to make and use the 
invention. While the invention has been described in terms of 
various specific embodiments, those skilled in the art will 
recognize that the invention can be practiced with modifica 
tion within the spirit and scope of the claims. Especially, 
mutually non-exclusive features of the embodiments 
described above may be combined with each other. The pat 
entable scope is defined by the claims, and may include other 
examples that occur to those skilled in the art. Such other 
examples are intended to be within the scope of the claims if 
they have structural elements that do not differ from the literal 
language of the claims, or if they include equivalent structural 
elements with insubstantial differences from the literal lan 
guages of the claims. 
The invention claimed is: 
1. A semiconductor component, comprising: 
a semiconductor body comprising a first semiconductor 

Zone of a first conduction type; 
at least one first rectifying junction with respect to the first 

semiconductor Zone; 
at least one second rectifying junction with respect to the 

first semiconductor Zone, wherein the first rectifying 
junction and the second rectifying junction are formed 
on a planar first Surface of the semiconductor body; and 

at least one third rectifying junction with respect to the first 
semiconductor Zone, 

wherein the three rectifying junctions each comprise a 
barrier height of different magnitude, the second recti 
fyingjunction comprising a lower barrier height than the 
first rectifying junction, the first rectifying junction 
comprising a lower barrier height than the third rectify 
ing junction, the second rectifying junction being 
arranged between the first and third rectifying junctions, 
wherein the third rectifying junction directly adjoins the 
second rectifying junction. 

2. The semiconductor component as claimed in claim 1, 
wherein the three rectifying junctions are connected in par 
allel with one another. 

3. The semiconductor component as claimed in claim 1, 
wherein the third rectifying junction is a pnjunction. 

4. The semiconductor component as claimed in claim 1, 
wherein the first and second rectifying junctions are in each 
case a Schottky contact. 

5. The semiconductor component as claimed in claim 1, 
wherein the first rectifying junction comprises a larger con 
tact area with respect to the first semiconductor Zone than the 
second rectifying junction. 

6. The semiconductor component as claimed in claim 1, 
further comprising: 

at least two second rectifying junctions; and 
at least two third rectifying junctions, 
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wherein a respective second rectifyingjunction is arranged 
between the first rectifying junction and a respective 
adjacent third rectifying junction. 

7. The semiconductor component as claimed in claim 6. 
wherein the first rectifying junction is at substantially the 
same distance from each adjacent third rectifying junction. 

8. The semiconductor component as claimed in claim 6. 
wherein the two second rectifying junctions each comprises 
Substantially the same lateral, extent. 

9. The semiconductor component as claimed in claim 1, 
wherein 

the first rectifying junction is formed by an electrically 
conductive first layer in contact with the first semicon 
ductor Zone, and 

the second rectifying junction is formed by an electrically 
conductive second layer in contact with the first semi 
conductor Zone. 

10. The semiconductor component as claimed in claim 9. 
wherein the first and second layers are composed of different 
materials. 

11. The semiconductor component as claimed in claim 9. 
wherein a contact area of the first semiconductor Zone that is 
in contact with the first and second layers is modified at least 
in the region of one of the two layers. 

12. A semiconductor component, comprising: 
a semiconductor body comprising: 

at least one first semiconductor Zone of a first conduction 
type; and 

at least one second semiconductor Zone of a second 
conduction type, which is complementary to the first 
conduction type, said at least one second semiconduc 
tor Zone being arranged in the semiconductor body 
and forming a pn junction with respect to the first 
semiconductor Zone; and 

at least one Schottky diode with respect to the first semi 
conductor Zone, the Schottky diode comprising at least 
two Schottky contacts comprising barrier heights of dif 
ferent magnitude, the Schottky contacts of the Schottky 
diode being arranged such that the first Schottky contact 
comprises a higher barrier height in comparison with the 
second Schottky contact and is arranged in the region of 
high field strengths, and the second Schottky contact is 
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arranged in the region of lower field strengths, wherein 45 
the magnitude of the field strength relates to the blocking 
case of pnjunction and Schottky diode, the first Schottky 
contact and the second Schottky contact are formed on a 
planar first surface of the semiconductor body, and the 
pnjunction directly adjoins the second Schottky contact. 50 

13. The semiconductor component as claimed in claim 12, 
wherein the Schottky contacts of the Schottky diode are 
formed by layers composed of identical materials. 

16 
14. The semiconductor component as claimed in claim 12, 

wherein a contact area of the first semiconductor Zone with 
respect to one of the layers is modified in the region of one of 
the two Schottky contacts. 

15. A method for producing a semiconductor component, 
comprising: 

providing a semiconductor body comprising a first semi 
conductor Zone of a first conduction type; 

forming at least one first rectifying junction with respect to 
the first semiconductor Zone; 

forming at least one second rectifyingjunction with respect 
to the first semiconductor Zone, wherein the first recti 
fying junction and the second rectifying junction are 
formed on a planar first Surface of the semiconductor 
body; and 

forming at least one third rectifying junction with respect 
to the first semiconductor Zone, 

wherein the three rectifying junctions comprise a barrier 
height of different magnitude in each case, the rectifying 
junction being formed Such that the second rectifying 
junction comprises a lower barrier height than the first 
rectifying junction, the first rectifying junction com 
prises a lower barrier height than the third rectifying 
junction, and the second rectifying junction is arranged 
between the first and third rectifying junctions, wherein 
the third rectifying junction directly adjoins the second 
rectifying junction. 

16. The method as claimed in claim 15, further comprising 
forming a second semiconductor Zone of a second conduction 
type, which is complementary to the first conduction type, in 
order to form the third rectifying junction in the semiconduc 
tor body. Such that the second semiconductor Zone is in con 
tact with the first semiconductor Zone. 

17. The method as claimed in claim 15, further comprising 
applying a first layer to a first Surface region of the first 
semiconductor Zone in order to form the first rectifying junc 
tion. 

18. The method as claimed in one of claims 15, further 
comprising applying a second layer to a second Surface region 
of the first semiconductor Zone in order to form the second 
rectifying junction. 

19. The method as claimed in claim 18, wherein different 
materials are used for forming the first and second layers. 

20. The method as claimed in claim 18, further comprising 
modifying at least one of the first Surface region, second 
Surface region and both surface regions of the first semicon 
ductor Zone prior to applying the first and/or the second layer. 

21. The method as claimed in claim 15, further comprising 
forming at least two third rectifying junctions with respect to 
the first semiconductor Zone, wherein the two third rectifying 
junctions are spaced apart from one another, and the first 
rectifying junction is formed in self-aligned fashion between 
the two third rectifying junctions. 
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